tial that such changes correlate with clinical events to support the premise that vasospasm contributes to the initial paralysis.
Selection of Patients
In an attempt to establish a degree of clinical uniformity, patients were selected who had findings characteristic of the condition commonly known as "thrombosis of the middle cerebral artery." When the diagnosis is not qualified further, it seems implicit that the main trunk of this vessel is the site of a thrombotie occlusion. The usual clinical criteria for a diagnosis of "thrombosis of the middle cerebral artery" include hcmiplegia or hemiparesis with relatively greater weakness of the arm than of the leg-, heminnalgesia or hemihypalgcsia, lininoiiymons hemianopsia, loss of consciousness at the onset, and clear cerebrospinal fluid under normal pressure. Although some of our patients presented this complete picture, others had less marked signs and were considered to have involvement of a less extensive part of the middle cerebral arterial distribution. No patient in this group made a complete recovery from hemiparesis in the three-week interval between the two hemodynamic studies (table 2) . We considered this to be highly presumptive evidence that there was an area of irreversible damage, i.e., infarction, and that, in no instance, were we concerned with completely reversible focal brain ischemia. The indication of irreversible damage, we felt, further justified the application of "cerebral infarction" to this patient group. We could not distinguish clinically whether a given patient had a small infarct, precisely located in the internal capsule, or a larger one, involving or lying subjacent to cerebral cortex and producing a comparable degree of initial paralysis.
In most instances, we could say with assurance only that there was infarction, large or small, somewhere in the distribution of the middle cerebral artery. This conclusion was further subject to the qualification that infarction in the anterior choroidal arterial distribution might have been responsible for the findings or that the primary site of disease might have been removed as far proximally as the origin of the internal carotid artery. 8 We have no information regarding the presence of thrombotie or embolic material in the The initial clinical findings in this series of patients are set forth in table 1. All patients in this study were believed to have pale infarcts except patient 3; presumptive clinical diagnosis in this one instance was hemorrhagic infarct. Patient 4 had cerebrospinal fluid pleocytosis, and blood and eerebrospinal fluid serological tests were reactive for syphilis. His cerebral infaret was attributed to vascular neurosyphilis. Individuals with myocardial insufficiency were excluded from this study.
Methods
Data were based upon study of 13 patients (table  1) . Cerebral blood flow (CBF) was measured by the inert gas method of Kety and Schmidt 9 ' 10 with slight modifications. In some patients, the original unilateral method was employed; cerebral venous blood was drawn from the jugular bulb being drawn from both left and right jugular bulbs simultaneously. Our studies also deviated from the original method in another detail; we employed desaturation rather than uptake curves."
*In place of the usual formula, CBF = Vu 100 / (A-V)dt' our equation was as follows: CBF = Ve-Vu 100 / (V-A)rtt' in which Ve is the venous concentration of N 2 O at the end of 13 minutes of gas inhalation, and Vu is this concentration at the end of 10 minutes of desaturation. / (V-A)dt was used, since V is greater than A during desaturation and J (V-A)dt for desaturation is comparable to / (A-V)dt of a saturation period. The subjects breathed the gas mixture (15 per cent N2O, 20 per cent O o , and 65 per cent X, _>) for 33 minutes, all three needles being in place.
At the end of this time, the anesthesia mask was removed, and a team of three individuals drew the simultaneous blood samples. Removal of the anesthesia mask eliminated patient anxiety in the desaturation phase. Cerebral metabolic rate for ox\'gen (CMRO 2 ) and cerebral vascular resistance (CVR) were calculated as outlined by Kety and Schmidt, 9 ' I0 except that bilateral values were computed by the modification of Munck and Lassen.
11 "When a bilateral study was performed, unilateral values were computed for each side, as well as the bilateral values. Seven of the 13 patients had bilateral cerebral homodvnamic studies performed on each of two occasions. Three more had unilateral studies on two occasions, and each of the remaining three had a single bilateral
The first hemodynamic study in each patient was performed as soon after the onset of paralysis as possible. In the 10 patients who had two studies each (patients 1 through 7 and 11 through 13), the interval varied from 14 hours to 5 days with a mean of 2.7 days. The second study was performed in each of these 10 patients approximately three weeks after the first, the interval varying 1 from IS to 25 days with a mean of 21 days. All patients were followed with repeated neurologic examinations, particular attention being given to assessment of recovery (table 2) . Hemoglobin, hematoerit, arterial carbon dioxide content,
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per cent oxygen saturation of arterial blood, venous pressure, and eerebrospinal fluid pressure were measured at the time of each hemodynamie study in most instances.
Results
The results of these hemodynamic studies were analyzed in three different ways (tables 3, 4, and 5). Each of the first 10 patients listed in table 1 had a bilateral study in the interval shortly after the onset of paralysis. It was possible, therefore, to make comparisons of means of hemodynamic values calculated from jugular venous blood from the side of the cerebral lesion with those from the clinically unaffected side, during the acute stage. These comparisons were made in table 3. The differences between paired mean values were not statistically significant.
Patients 1 through 7 and patients 11, 12, and 13 each had two studies, which made it possible to compare mean hemodynamic values for the two occasions, acute stage and three weeks later, in these 10 patients. In table 2, it may be seen that all of these 10 patients improved clinically during this interval. Seven had depression of consciousness, ranging from mild lethargy to semicoma, at the time of the first study. In the three-week in- 
3.3
*Althougli the first seven patients each had two bilateral studies, only the first study for each is considered in this table. CBJT is expressed as ml. blood per 100 6m. brain per minute; CMRO2 is ml. O2 per 100 Gin. brain per minute; CVR is mm. Hg per ml. blood per 100 Gm. brain per minute. terval between the two hemodyuamic studies, four of these seven showed both lessening of paralysis and improvement of consciousness; the other three had no decrease of paralysis, but all of these returned to full consciousness. Of the three without initial depression of consciousness, all showed decrease of paralysis during this interval. Xo patient had depression of consciousness at the time of the second study. Thus, all 10 improved clinically, four both in lessening of paralysis and lightening of consciousness, three in decrease of paralysis only, and three in improvement of consciousness only. In table 4, unilateral values for these 10 patients calculated from data from jugular bulb venous blood from the side of the cerebral lesion on the two occasions were tabulated, and their mean values were compared. The differences between mean values for the two occasions were not statistically significant.
Patients 1 through 7 had bilateral studies on each of the two occasions. In these seven, bilateral values were calculated on the basis of combined data from simultaneously drawn left and right venous blood samples (table  5) . 11 There were no significant differences between means of bilateral values in these seven patients on the two occasions. Patients 11, 12, and 13 also had two studies each, separated by a three-week interval which spanned an initial period of clinical improvement. In these three, however, studies were unilateral (side of cerebral lesion only). Nevertheless, we computed mean values for all 10 patients who had two studies, and these figures are given at the bottom of table 5 . Mean values for CMROo were identical for the two sets of data. Differences between mean values for CBF and MABP on the two occasions were not significant. There was, however, a decrease of mean CVR from 3.3 to 2.7 between the first and second studies (0.01 < P < 0.02).
Discussion
Before applying the inert gas method, we considered its limitations in relation to the problem. Kety 1 -recently expressed the view that one of the basic tenets of the inert gas method does not hold true in the presence of a massive cerebral infarct. lie pointed out that the assumption that the gas content of brain as a whole closely approaches that of cerebral venous blood is not valid in this inCirculatitm Research, Volume IX, September 1961 stance. Doubtless this is true for the infarct itself and perhaps also for marginal tissue which suffers only reversible change. He did not suggest that the remainder of the brain was affected. Sapirstein and Ogden, 13 in an earlier critical analysis of the inert gas method, went one step further, contending that in the presence of diffuse cerebral vascular disease, there must be a variety of perfusion rates for various masses of tissue. Under these conditions, there could be certain masses of tissue with low perfusion rates, which would not approximate equilibrium with venous blood draining them until much later than a 10-minute period of gas inhalation.
We assumed that the mechanism proposed by Sapirstein and Ogden 13 was operative, at least in regions of relative Ischemia bordering on an infarct. The comparatively brief period (13 minutes) of gas inhalation in our studies, however, largely obviated the necessity of our taking slow tissue-gas equilibration into account. Slowly equilibrating tissue masses would not have taken up sufficient gas to affect the calculated CBF values materially in this brief period. Regions of brain spatially removed from the infarct and having a variety of perfusion rates because of diffuse cerebral vascular disease would not have been expected to show hemodynamic changes between the two studies unless they were secondary, reversible alterations associated with the infarct. The latter, of course, was what we were endeavoring to demonstrate. It seemed apparent from the outset that the method would provide no information concerning those regions in which the circulation had been completely suspended.
The applicability of the method for the demonstration of diffuse cerebral vasoconstriction had been established with hyperventilation.
14 It was thought possible that it might also provide evidence of reversible vasoconstrietion occurring secondarily with infarction if the vasoconstriction were sufficiently widespread in one cerebral hemisphere. We were less concerned, therefore, with the validity of the method as an index of quantitative flow in the presence of infarction than with its applicability to the detection of fairly diffuse but probably unilateral vasoconstriction which might have correlated with clinical events.
For comparison of hemodynamics performed on two occasions in" a group of patients with unilateral cerebral lesions, it might have been reasoned that data from jugular blood from the side of the cerebral lesion only should have been utilized. Shenkin, Harmel, and Kety 15 studied the partition and distribution of the circulation of the head in vivo by an adaptation of the dye-dilution method. Their findings indicated that in the presence of a normal circulation, blood entering the brain via one internal carotid artery is distributed mainly to the ipsilateral cerebral hemisphere and is drained predoininantly by the internal jugular vein on that side. Many angiographic studies have demonstrated interhemispheric collateral circulation in the presence of occlusive vascular disease. Although this collateral circulation may prevent or minimize cerebral infarction, the present study provided no information on the occurrence or extent of this circulatory reserve. Furthermore, had there been transient hemodynamie alterations, limited to one cerebral hemisphere and resulting from widespread unilateral vasoconstrietion, their detection by the inert gas method would not have been prevented by shunting of arterial blood across the midline toward the side of the lesion. Diffuse arteriolar constriction could have been expected to limit flow temporarily, regardless of the source of arterial blood.
A sudden reduction of blood flow to one cerebral hemisphere, accompanying a circumscribed vascular lesion, would have resulted in a corresponding decrease of venous blood arising from that hemisphere. This decrease might well have increased the flow of venous blood across the midline into the large, still patent channels leading to the superior jugular bulb on the side of the cerebral lesion. This flow could have caused an even greater mixing of venous blood of the two cerebral hemispheres in samples taken from the jugular bulb on the side of the lesion than that found by Shenkin, Harmel, and Kety 15 in the presence of a normal circulation and would have further lessened the possibility of our demonstrating a hemodynamic effect of unilateral vasoconstriction. Although the mechanism just outlined was considered possible, such shunting of venous blood has not been studied quantitatively. We considered it possible, therefore, that a reduction of CBF, due to unilateral cerebral vasoconstriction, might have been reflected in inert gas method measurements derived from ipsilateral jugular bulb blood. It was seen in tables 3 and 4, however, that our data did not support the proposition that evidence of unilateral cerebral vasoconstriction might be found by ipsilateral jugular sampling for inert gas measurements. The foregoing findings did not exclude the possibility that acute circulatory changes due to vasoconstriction might have been detected in bilateral studies.
Such transient hemodynamic changes, nevertheless, were not reflected in the means of the bilateral values for patients 1 through 7 (table 5). Our observation of a lack of significant difference between mean values for side of lesion and contralateral side (table 3) suggested that we would be justified in computing further mean values for the seven cases Circulation Research, Volume IX, September 1961 studied bilaterally plus the three eases studied unilaterally on two occasions each (table 5) .
In the absence of lateralized brain disease, Munck and Lassen 11 found that the principal difference between unilateral and bilateral studies lies in the lower degree of statistical dispersion of CMR0 2 with the bilateral method.* In a later publication, however, Lassen, Feinberg and Lane 10 inferred predominantly left-sided organic cerebral degeneration on the basis of significantly lower CMRO2 values on that side than on the right and on the basis of the correlation of the former with organic dementia. Conversely, proved, predominantly lateralized, degenerative cerebral lesions have not been shown to be accompanied by significant left-right differences of CBF or CMRO 2-On the strength of the foregoing, although it undoubtedly increased statistical dispersion, we computed mean values in which we averaged the values for the three patients with unilateral studies with the seven studied bilaterally (table 5) . There were no significant differences between mean hemodynamic values except for that between initial and final CVR in table 5 (predominantly bilateral studies, acute stage and three weeks later). This significance was of a low order, however, and was considered of doubtful consequence in the absence of a similar trend in the remainder of the data.
In the absence of significant differences between side of lesion and side without lesion and between studies performed on two occasions spanning a three-week period of clinical improvement, we concluded that this study does not support the assumption that spasm of cerebral vessels beyond an infarct accounts for a significant part of the early neurologic deficit. It has been quite apparent, however, that anything less than widespread vasoconstriction would not have been detected by this method.
*Further decrease of dispersion in the CMKO2 values can apparently be anticipated with the use of krypton 86 , utilizing an increased number of samples (of smaller volume), but it is not of comparable magnitude to the reduction of dispersion resulting from the change from unilateral to bilateral jugular sampling.
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Circulation Besearch. Volume IX, September 1961 Summary It has sometimes been proposed that the early period of resolution of neurologic deficit, which often follows acute cerebral infarction, is due to relaxation of a surrounding, secondary vasoconstriction. To investigate this assumption, cerebral hemodynaniies were studied by the inert gas method in 13 patients with recent cerebral infarction. In 10 instances in the acute stage, there were no significant differences between mean hemodynamie values based on jugular bulb blood samples from the side of the infarct and those from the contralateral side. Similarly, comparisons of mean values failed to disclose significant differences between studies performed shortly after the onset of the stroke and those done three weeks later, at a time when all patients investigated demonstrated clinical improvement. The inert gas method is not applicable to the study of the infarct itself, but it is considered valid for the demonstration of cerebral vasocontriction if the latter is sufficiently widespread. In the absence of hemodynamie change, it was concluded that this study does not support the vasoconstriction explanation. It was recognized, however, that vasoconstriction would need to be quite widespread to be detected by this method.
